Introduction
Discovery of the potentially disastrous contamination of the purest water supplies constantly raises new problems in modern society. Trichloroethylene (TCE) is a teratogenic chemical that can be assimilated by inhalation or by ingestion of water, and it strikes inadequately protected organ systems of the developing embryo1) . TCE has been widely recognized as a teratogen since it was associated with an increased risk of cardiovascular malformation, and this has been proven by experimental research and epidemiological study2).
Our laboratory has been investigating the teratogenicity of TCE and its physiological impairment of morphogenetic mechanisms. There have been very few studies of cardiac teratogenicity of TCE in the developing chick embryo3) . These previous investigations have inadequately analyzed the induced anomalies, and none have described the basic mechanisms that result in the developmental-arrest type of cardiac malformation.
In the present study, For morphological observation, 14 day embryos of the experimental and control groups were fixed with injection of 2.5% glutaraldehyde and Molar cacodylate buffer (pH 7.2) into the right ventricle to wash out blood and fix the internal morphology. The embryos were then fixed in 10% f ormalin solution.
Light and electron microscopic study
For light microscopy, the embryos were first fixed in 10% formalin solution and then put in Bouin fixative for 2 days. The specimens were processed through dehydration and em- The infertility rate in the control group was 6% (6/100) . The mortality rates were the same in the saline (2%, 1/47) and the mineral oil (2% , 1/47) control groups. These mortality rates were not statistically significant. Small ventricular septal defects were noted in both the saline (2%, 1/46) and the mineral oil (4% , 2/46) control groups. The percentage of cardiac malformations in the experimental group was statistically significant compared to the control group (P<0.01). Incidence o f cardiac anomalies Table 1 lists the incidence of some cardiovascular anomalies observed in 14 day embryos administered TCE in the Hamburger-Hamilton stages 27 -28. Various cardiac anomalies included: large ventricular septal defect , endocardial cushion defect, single ventricle, double outlet right ventricle and truncus arteriosus (Figs . 2, 3, 4) . These are summed up in Fig . 1 . 
EEG findings
Six minutes after TCE injection, a heart rate of 210 beats per minute decreased to 180-194, and the PR interval was significantly longer than that of the control group. QRS voltage also decreased to less than 15% of that of the control group. QT interval tended to be prolonged with a decreasing heart rate. The gradual changes of QRS voltage and QT interval persisted for 30 minutes. Atrio-ventricular block was quite significant during the period of 15 to 30 minutes after TCE injection. QRS widening was also remarkable in this period. Severe bradycardia, supraventricular arrythmia and high grade AV block developed in the last 15 min of follow up, 1 hour after TCE injection. These phenomena were evident in 25 of 30 embryos (Fig. 5A , 5B). 
Light and electronmicroscopic findings
In the light and electron microscopic examinations, cell degeneration was frequently observed in the conotruncal areas of the embryonic hearts 30 minutes after TCE injection. Varying degrees of hypoplasia and cell degeneration in the areas of myocardium of conotrunous and endocardial cushion were quite prominent (Fig. 6) . Electron microscopic study showed various stages of myocardial cell degeneration 30 minutes after TCE injection (Fig. 7B ) compared to those in the control group (Fig. 7A) . The nuclei of the myocardial cells became dense and pleomorphic (Fig. 7C) . The cytoplasmic matrices of degenerating myocardial cells contained discrete particles representing clumps of free ribosomes, swollen mitochondria, lipid droplets, various lamellar structures and disarranged dissolved myofilaments (Fig. 7B, 7C ). The degeneration of cells composing myocardium and bulbo-endocardial cushions manifested itself in the presence of three distinct cell changes: prenecrotic, necrotic and phagocytic (Figs. 8A, 8B, 9A, 9B ). The proportions varied with the different areas of embryonic heart. These changes were very prominent in the primitive ventricle, and were characterized by nuclear changes such as the coarse appearance of chromatin, hyperchromatosis and intensive pyknotic clumping (Fig. 7B, 7C) . In contrast to the phagocytolytic vacuolated appearance of the cytoplasm of the pre-necrotic cells, the necrotic cells appeared 
Discussion
It is difficult to establish with any certainty a causal relationship between the contamination of ground water by leachates, or accidental discharge of waste into water supplies, and adverse health effects. However, recent epidemiological studies suggest that contaminated drinking water may be associated with major cardiac anomalies3,4). These studies have an indicated increased prevalence of congenital heart disease during periods of water contamination and a higher incidence in contaminated water areas. Chlorinated solvents have been cited as examples of hazardous substances to be found in drinking water. It is reported that unexplained sudden human death associated with sniffing of glue (toluene), spot remover (trichloroethane), or gasoline, and over exposure to industrial benzene and trichloroethylene were accompanied by emotional and physical stress9) . 
